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ASTRONOMY .—Exact time in astronomy.' JEAN Boccarp1, Var- 
azze, Liguria, Italy. 


I 


_ For about a century, as a result of the establishment of the principles 

and rules of the theory of errors, it has been the custom in sciences of 
observation and measurement to give, along with the numerical values 
_ obtained, the probable error, or the mean square error, which this 
theory enables us to assign. Experience has shown that the more 
closely the conditions of observation approximate to the theoretical 
conditions for the application of the rules of the calculus of proba- 
bilities, the more closely does the assumed error approximate to 
the actual error. 

In any case, the probable or mean error gives a fairly good idea of 
the degree of accuracy attained. In the ordinary routine of daily 
observations, however, one is not usually concerned with the accuracy 
of the observations—this is a matter for consideration in the de- 
termination of geographic coordinates, parallaxes, masses of heavenly 
bodies, ete. Nevertheless, now that the radio-telegraph permits the 
transmission and reception of the exact time and consequently the 
systematic determination of differences of longitude, it is well to know 
the degree of accuracy of the time received and of the time determined 
on the spot. 

On this subject I think there is some need for correcting the ideas 
held relative to the accuracy of the determination of local time. In 
70 years much progress has been made in this direction, both in de- 
termining the time and in keeping it. It has been said that the accu- 
racy attained in the transmission and reception of time by radio is 


1 Received November 5, 1928. 
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notably superior to the accuracy of the determination of the time 
itself. Now, if that holds good at some places, it is not true for all 
observatories, especially for those which have good instruments, well 
installed, under a clear sky, and in charge of observers skilled in the 
manipulation of the so-called impersonal micrometer. 

I have cited elsewhere? numerous examples of time determinations, 
made chiefly in connection with differences of longitude between vari- 
ous places. From these it is seen that since 1909 an accuracy of 0.01 
seconds has been attained; at least the mean square error is of this 
order of magnitude and is often less. 

The purpose of this article is to indicate the conditions favorable 
to the attainment of so high a degree of accuracy in time determina- 
tions and also in predicting the corrections to be applied to the read- 
ings of a good clock. 


II 


To determine time accurately by the transit of stars across the merid- 
ian, it is first of all necessary to lay aside large instruments (meridian 
circles or simple transit instruments). With such instruments it is 
almost impossible ‘to reduce the azimuth constant to a very small 
value and especially to keep it so. The collimation cannot be elimi- 
nated by the reversal of the telescope, an operation which demands a 
certain amount of time and which can be applied only to cireumpolar 
stars. Besides, when the telescope is reversed the azimuth changes. 
The level correction is not well determined, either by means of large 
levels or by the mercury bath. 

It is necessary, therefore, to employ instruments with broken tele- 
scopes, which are not heavy and may be reversed in a few seconds. 
The diameter of the objective should be between 70 and 100 milli- 
meters. A telescope of 95 millimeters aperture permits the observa- 
tion with an illuminated field of stars of the 7th magnitude, and even 
of magnitude 7.5, during twilight. 

It has been proposed recently to use straight telescopes with zeni- 
thal eye-piece; but, for one thing, this eye-piece has its inconveniences; 
for another, the straight telescopes are heavier and the diameter of 
the objective must therefore be reduced to 70 millimeters, or to 75 
millimeters at most. Now, to have the determinations of the time 
close together, one must profit by all the periods of clear sky, observing 
sometimes during twilight. With telescopes of 70 millimeters aper- 


2 Journ. Observateurs, 1928; Mem. Accad. Pontif. Sci., 1928. 
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ture small stars may be observed with an illuminated field during the 
night only. 

Some one may say that the catalogue of fundamental stars does 
not give the places of the stars down to the 7th magnitude; but I have 
already proposed elsewhere* that in order to confine the observations to 
stars rather close to the zenith, each observatory should make for 
itself a list of its own stars and carefully determine their right ascen- 
sions, referring them to the same system. 

If the instrument chosen possesses good levels, enabling the air 
bubble to be adjusted to a nearly constant length, then by reading them 
with all the recommended precautions one may rely upon the value 
of the’inclination. The level will be read for each star, and, of course, 
the observer will try to reduce the azimuth and the inclination to a 
minimum. The effect of the azimuth is almost null on the stars 
culminating within a few degrees of the zenith, not more than 25°. 
As to the impersonal micrometer, the observer must learn to use it 
perfectly, otherwise, as experience has shown, the personal equation 
is not eliminated. Moreover, beyond a declination of 60° the imper- 
sonal micrometer adds nothing to the accuracy obtainable by the 
ordinary micrometer. . 

Let us examine now the degree of accuracy that may be attained. 
In the clock correction determined by one star there remains: 

(1) The residual error of the apparent right ascension. It may be 
considered to amount at the most to +0.°02, if the observer 
employs the star places of the Auwers’ New Fundamental Catalogue 
corrected by A. Kopff, Director of the Rechen-Institut of Berlin. 

(2) The azimuth error, which for the zenithal stars amounts at the 
most to +0.* 006. 

(3) The error of the inclination, which is of the order of +0."01. 

(4) Finally, the error of the observation itself, which is a minimum, 
since with the impersonal micrometer the observations of differ- 
ent astronomers agree well. Let us assume +0." 004 for this 
error. 

The total error will be 

V 0.02" + 0.006’ + 0.010° + 0.004° = +0." 0235 
But assume even +0." 03. It follows that in observing 9 stars the 
error to be feared in the clock correction is only +0.°01. Even if 
the observer did not have special skill, even if the atmospheric con- 
ditions were not completely favorable, etc., it will always be granted 





3 Mem. Accad. Pontif. Sci., 1928. 
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that except in unusual cases, with 15 or 16 stars an observer of moder- 
ate skill will determine the correction Cp or At for the clock with an 
error of +0." 01. 

Seventy years ago observations were made to the nearest second! 


III 


But astronomers are not satisfied with determining the exact time 
for a given instant. They must be able to give it at any instant. 
They must have a time-keeper. Today good Riefler clocks, kept at 
constant pressure and temperature, for several days following a 
direct determination give the time with an uncertainty of 0.* 02 or 
0.°03. But, as with the broken telescopes of the Bamberg ‘type, 
one must know how to use these clocks and how to get from them all 
that is possible in the way of accuracy. It is known that by means 
of a pump one may change the air pressure in the metal case in which 
the pendulum swings. 

To be able to interpolate and extrapolate the exact time when several 
determinations of the time are available, it is necessary to determine 
the clock-rate and to use first and second differences. 

Abrupt variations, “jumps,” in the rate of a good Riefler clock are 
improbable. In any case, it is sufficient to have another control clock 
beside the master clock, which enables abrupt variations in the rate 
of the latter to be detected. The next direct determination of the 
time will permit the elimination of any uncertainty. 


IV 


I submit here an example furnished by Riefler clock no. 60, the 
corrections for which have ben furnished me by the Superintendent 
of the Naval Observatory «+ Washington. I here thank him for 
them. 

These corrections come from the time determinations made with the 
small, straight, Prin telescope whenever the condition of the sky 
permitted. I believe that by using a Bamberg model broken telescope 
and the Kopff right ascensions, a greater accuracy would have been 
attained. The mean error would be only +0.°01. Furthermore, 
clock no. 60 is not of the most recent model. 

Let us consider first one point. It is said that by determining the 
clock rate by two successive determinations of the time spaced 7 or 8 
days apart, the residual errors of these determinations are reduced 
as if by dividing them by 7 or 8. For example, if the mean error of 
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one determination of the time is +0.‘ 01, the error of the rate during 
10 days is only 3 

0.° 01 V2 

10 

But this supposes that the clock rate has been constant during 10 
days, which is not the case. The value obtained for the rate, suppos- 
ing it to have a linear variation, applies exactly only at the epoch 
midway between the two dates corresponding to the two determina- 
tions of the time. It is the mean rate that is found; and when the 
question arises of giving the correction for the clock for an intermediate 
date—for example, 5 days after the first date—this correction, calcu- 
lated from the mean rate, contains: 

(1) The error of the first determination of the time. 

(2) The difference between the actual rate during the 5 days follow- 

ing and the mean rate multiplied by 5. 
In the same way, in predicting the correction for the clock for a later 
date, the mean rate during 10 days is not as exact as that which one 
would obtain with two determinations of the time spaced 3 or 4 days 
apart.. The conclusion is that it is necessary to observe as often as 
possible and to determine the rate by means of first and second 
differences. 

As to abrupt variations, they are more probable in an interval of 
10 days than in one of 3 days. 

The table which follows contains for a complete administrative year 
—July, 1926, to June, 1927—the daily rate of Riefler clock no. 60 
of the Naval Observatory and the epochs to which they correspond. 
To construct this table from the series of clock-corrections that were 
so kindly supplied to me, I have grouped two by two all the sucessive 
corrections by taking the mean. I have likewise taken ithe means of 
the dates to which these values of Cp correspond. Then I[ have taken 
the first differences between these means of the Cp and I have done 
the same for the dates. Finally I have divided respectively the first, 
which are the variations of the Cp, by the second, which are the cor- 
responding intervals of time. Since small intervals were concerned, 
I was entitled to assume that the values of Cp varied linearly. The 
rates given in the table thus apply to epochs midway between the 
two means of the dates that correspond to them. 

An inspection of this table is very instructive. It shows that the 
rate of the clock varies very slowly and that the difference between two 
successive rates is, on the average, +0.° 005 or +0.°006. These 
differences are due to the residual imperfections of the values of Cp 


= 0.°00141 . 
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and also to the small variations in the clock rate. Rarely does this 
difference reach 0.°015. Only during the spring are there greater 
variations, which are doubtless due to the variability of weather 
conditions. Perhaps the temperature has not been kept absolutely 
constant, or the pressure has not been adjusted every time that the 
Cp showed the necessity for it. We may conclude that today, with 
two good instruments available, in charge of skillful astronomers, and 
well-installed, under a sky which permits the determination of the 
time, on the average, every 2 or 3 days, the value of Cp may be found 
with a mean error of 
+0.°01 . 
7 a 0.* 0071 
With one ‘good clock checked against another we can forecast Cp 
for 3 or 4 successive days with an uncertainty amounting hardly to 
+0.* 02. 
It is a splendid triumph for astronomy! 





GEOPHYSICS—Geodetic constants. Wautrer D. LamsBert, U. S. 
Coast and Geodetic Survey. 


The Newtonian constant of gravitation? and the mean density of 
the earth are so closely related that if one is known the other may be 
at once derived. The Newtonian constant is the quantity actually 
determined in the laboratory. The product of the two quantities is 
known within about one part in one hundred thousand, although 
neither quantity by itself is known within one part in ten thousand. 
The formula for the product may be written: 


3 3 3 
kp = gg Ge toa t+ pw af) 


Here k = Newtonian gravitation constant. 

p = mean density of the earth. 

a = equatorial radius of the earth considered as an ellipsoid 
of revolution. 

Je = equatorial surface gravity. 

w = angular velocity of the earth’s rotation, so that wa repre- 
sents the centrifugal force of rotation’at the Equator. 

f = flattening (ellipticity) of the earth. 


1 Presented at the 977th Meeting of the Philosophical Society of Washington, October 
13, 1928. The general subject of the papers given at the meeting was Constants of 
Nature. Received November 15, 1928. 

* This paper followed one by Paul R. Heyl, in which the Newtonian constant of 
gravitation was discussed. 
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If we assume for the value of k that given by the preceding speaker, 
namely 6.664 x 10-* c.g.s. units, and for the values of a and g, those 
soon to be stated, the value of the mean density comes out as 5.522. 
This mean density may be considered as one of the geodetic constants 
to be discussed in this paper. 

The dimensions of the earth and the coefficients in the formula for 
gravity at its surface are the principal remaining geodetic constants 
that we are to discuss. Let us consider the former first. Theoreti- 
cally at least, it is not essential to have astronomical observations in 
order to determine the size and shape of the earth’s physical surface, 
or any portion of it. The work could be done even though the heavens 
were perpetually covered with impenetrable clouds. Consider any 
portion of the earth’s surface with a number of points on it, each 
point visible to its nearer neighbors. These points could be considered 
as the vertices of an irregular polyhedron. The distance between two 
vertices could be measured directly and would serve as a base line for 
what might be termed three-dimensional triangulation. The face 
angles of each polyhedral angle could then be measured, the plane of 
the divided circle used being made coincident with the plane of the 
face angle. From these data the size and shape of the polyhedron 
could be deduced. All this work would be quite independent of con- 
siderations of potential or of level surfaces or of latitude and longitude. 

Practically, however, the accuracy of the results would be vitiated 
by atmospheric refraction, especially refraction in a vertical plane for 
objects near the horizon. This refraction, as every geodetic observer 
knows, is exceedingly irregular and tricky. The method just outlined 
has therefore only a theoretical interest. Actual determinations of the 
figure of the earth depend on astronomical observations, that is, de- 
terminations of latitude, longitude and azimuth over a given region, 
combined with large-scale surveying operations over the same region. 
The ancient Greeks must have done something of the sort, though 
their astronomical observations were of the roughest and their deter- 
minations of distance probably mere estimates based on travelers’ 
accounts. Even so, however, the Greeks of the time of Aristotle® 


* “Moreover those mathematicians who try to compute the circumference of the 
earth say that it is 400,000 stadia, which indicates not only that the earth’s mass is 
spherical in shape but also that it is of no great size as compared with the heavenly 
bodies.”’ Aristotle, De Caelo, Book II, Chap.14. This passage follows a long argument 
in favor of the sphericity of the earth. Some of the arguments sound modern enough, 
others seem strange to our present ways of thinking. This seems to represent the first 
scientific attempt or attempts now on record to determine the size of the earth. No 
further details are given. The entire treatise has been translated by J. L. Stocks and 
published by the Clarendon Press, Oxford, in 1922. 
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had an approximate knowledge of the size of the earth considered as a 
sphere. About a century later Eratosthenes‘ obtained an even better 
approximation by a process identical in principle with that used by 
every geodesist down to the time when the electric telegraph became 
available for determining longitudes. Just how approximate these 
early determinations were we can not say because of the uncertainty 
regarding the exact modern equivalents of the linear units used. 

Let us skip over some two thousand years and consider now the 
most modern determinations of the dimensions of the earth. As the 
most acceptable figures let us take those adopted in 1924 by the Sec- 
tion of Geodesy of the International Geodetic and Geophysical Union 
and defined by the parameters of the International Ellipsoid of Refer- 
ence. These figures are based on Hayford’s® discussion of geodetic 
operations in the United States only, but have been substantially 
confirmed by Heiskanen’s* discussion of European triangulation and 
by other geodetic and astronomical evidence.’ 

The fundamental parameters are: 

a (semi-major axis) = 6,378,388 meters 
S (flattening or ellipticity) = 1/297.0 
From these there result: 
b (semi-minor axis) = 6,356,912 meters 
Q (quadrant of a meridian) = 10,002,288 meters 
It is seen that the meridian quadrant is over 2 kilometers longer than 


‘ Eratosthenes, librarian at Alexandria, died about 195 B.C. We owe our knowledge 
of his geodetic work to a book by Cleomedes, a Greek writer who is supposed to have 
lived about 100 A.D. The account of Eratosthenes’ work is in Chap. 10 of his book, the 
Latin title of which is De Motu Circulari Corporum Celestium. Eratosthenes’ result is a 
circumference of 250,000 stadia. There is no certainty that the stadium of Aristotle and 
that of Eratosthenes represented the same length. If we use 185 meters, which is usually 
given as the length of the Attic stadium, we get for the circumference according to 
Eratosthenes some 46,000 kilometers, instead of the actual 40,000. 

I am indebted to Mr. Otis Hill of the Coast and Geodetic Survey for invaluable help 
in connection with these and other references to classical literature. 

5 J. F. Hayrorp. Supplementary investigation in 1909 of the figure of the earth and 
isostasy. Published by the U. 8S. Coast and Geodetic Survey, 1910. 

*W. Herskanen. Die Erddimensionen nach den européischen Gradmessungen. 
Veréff. Finn. Geod. Inst. 6. 1926. A slight revision of the conclusions from the same 
data is given by Heiskanen in the Vierteljahrsschr. Astron. Ges. 61 (Jahrgang 1926): 
215. , 

7 For references, see W. D. Lampert. The figure of the earth and the new inter- 
national ellipsoid of reference. Science 63: 242. 1926. A version revised by the 
author and translated into French by Col. Perrier appeared in the Bull. Géod. 10: 81. 
1926. 
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an even ten thousand kilometers, which was the figure aimed at when 
the metric system was devised. 

What may be the probable limits of error of these figures (not the 
“probable errors” in the technical sense), it is rather difficult to say. 
Perhaps fifty meters in the semi-axes and a few tenths of a unit inthe 
reciprocal of the flattening. 

Let us make our formula for gravity at the surface of the earth 
consistent with the International Ellipsoid of Reference. We must 
then write as the value of gravity in cm/sec’: 

= 978.052 [1 + 0.005288 sin? ¢ — 0.000006 sin? 2¢] 
+8 +5 

where ¢ = geographic latitude. Only the coefficients within the 
square brackets depend on the ellipticity. The coefficient outside, 
978.052 cm/sec’, is essentially independent of the dimensions of the 
earth and must be determined by observation. The value written 
down is the largest of all the more recent determinations* and this 
for two reasons: (1) There is reason to believe, as Bowie® has pointed 
out, that a more accurate reduction for the elevation of the station 
would slightly increase the values of gravity on land, and it is on 
these land values that our gravity formulas have hitherto been based; 
(2) The formula is meant to represent average conditions over the 
. earth’s entire surface, nearly three-fourths of which is ocean, and it 
appears from determinations of gravity at sea, which we are just be- 
ginning to obtain, that gravity at sea tends to be in excess of gravity 
on land even after the latter has been reduced for elevation. Bowie’s 
suggested improvement in the method of reduction applies to sea 
stations also and should tend to harmonize the results for gravity 
stations on sea and on land. 

I have written beneath the coefficients, estimates of their probable 
limits of error. They are largely matters of opinion, for a real basis 
of evaluation is lacking. The +8 attached to the 978.052 is intended 
to include the error in the absolute determination of gravity, an ex- 
ceedingly delicate and difficult operation when an accuracy of a few 


*F. R. Hetmert. Neue Formeln fir den Verlauf der Schwerkraft im Meeresniveau 
beim Festlande. Sitzungsber. K. Preuss. Akad. Wiss. 1915: 676. 

W. Heiskanen. Untersuchungen tiber Schwerkraft und Isostasie. Veréff. Finn. 
Geod. Inst. 4. 

°W. Bowie. The effect of the shape of the geoid on values of gravity at sea. Am. 
Journ. Sei. 14: 222. 1927. 

Rapport de la Sous-Commission spécialement chargée de déterminer les réductions 
@ faire subir aux intensités observées en mer. Bul!. Géod. 17: 29. 1928. . 

















Dec. 19, 1928 LAMBERT: GEODETIC CONSTANTS 575 


parts in a million is sought. The authors of the most recent absolute 
determination, Kiihnen and Furtwiingler,'® estimate the mean error of 
their result as +0.003 cm/sec’. 

To return to the apparent systematic difference between gravity on 
land and gravity at sea, this may be represented very roughly indeed 
by putting within the square brackets a longitude term such as: 

+0.000023 cos? ¢ cos 2 (A +5°), where \ = east longitude, 
so that our formula becomes :" 

g = 978.052 [1 + 0.005288 sin? ¢ — 0.000006 sin? 2 ¢ 

+0.000023 cos? ¢ cos 2 (A + 5°)] 

The form of the added term is that of a surface spherical harmonic of 
the second degree and is conceivably the first of a long series of spheri- 
cal harmonic terms related perhaps to the configuration of the litho- 
sphere." Parenthetically it should be said that other harmonic 
terms of the second degree and terms of lower degree are either already 
implicitly contained in the gravity formula or are omitted from it for 
sound theoretical reasons. 

The presence of such a term is rather puzzling, for it implies an 
ability of the earth’s crust to sustain the stresses due to a wide-spread 
and rather large excess or deficiency of matter, an ability not in ac- 
cord with much other evidence. Yet, unless we are the victims of an 
uncommonly perverse combination of accidental errors, we can hardly 
escape attributing some reality to this longitude term. It does not 
rest solely on the recently discovered systematic difference between 
gravity on land and gravity at sea, some of which difference can be 
explained by Bowie’s suggested improvement in methods of reducing 
for elevation. It appeared thirteen years ago in Helmert’s" discussion 
of gravity observations all made on land. The longitude term in the 
gravity formula implies a corresponding term in the figure of the earth, 
making the geoid an ellipsoid of three unequal axes instead of an ellip- 


10 Fr. KUHNEN and Pa. FurtTwAnGLeR. Bestimmung der absoluten Grésse der Schwer- 
kraft zu Potsdam mit Reversionspendeln. Verdff. K. Preuss. Geod. Inst. 27. 1906. 

11W. HeIsKaNEN. Ist die Erde ein dreiachsiges Ellipsoid? Gerlands Beitr. Geo- 
physik 19: 356. 1928. Or in condensed form in the Astron. Nachr. 232 (5562): 305. 
1928. The difference of one unit in the sixth decimal in the coefficients of sin*@ and 
sin* 2¢ between the formulas of Heiskanen and of this article for the same flattening, 
1/297, is due to the fact that Heiskanen’s spheroid is not an exact ellipsoid. 

122A, Prey. Darstellung der Héhen- und Tiefenverhdlinisse der Erde durch eine 
Entwickelung nach Kugelfunktionen bis zur 16. Ordnung. Abh. K. Ges. Wiss. Gottingen. 
Math.-phys. Kl. 11: 1. 1922. 
13 See note 8. 
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soid of rotation. . Fifty years ago Clarke* deduced from triangulation 
and from astronomic determinations a figure of the earth that strongly 
suggests recent determinations of the longitude term in the gravity 
formula; furthermore, Heiskanen’s recent discussion of European tri- 
angulation, in which discussion he allowed for the effects of topography 
and isostatic compensation, likewise tends to the same conclusion. 
So do results from discussions of the variation of latitude" and of the 
lunar parallax,'* though these latter give at present only rough quali- 
tative indications. All these results point to a difference between the 
maximum and minimum equatorial semi-axes of the order of two or 
three hundred meters, with the longer axis approximately in the plane 
of the meridian of Greenwich. 

We should like to get a better hold on the real size of the longitude 
term and likewise to know whether it stands in the main by itself or 
whether it is only one of many spherical harmonic terms of about the 
same order of magnitude. If the latter, we should expect these terms 
to be related to the configuration of the continents and oceans. But 
if not, if this one longitude term stands practically alone, then perhaps 
we may see in it a vestige of some state of the earth as it was in the 
remote past when for some reason the earth was nearly a triaxial 
ellipsoid with one axis of the equator decidedly longer than the other. 
Perhaps we may imagine that this happened when the moon parted 
company with the earth, as in Darwin’s theory, being expelled by the 
resonance effect of the solar tides at a time when the earth rotated much 
more rapidly than now. But this is frankly wild speculation and per- 
haps it will be well to close before we get too far away from observed 
facts. At any rate the longitude term, its reality, its size if real, and 
its geophysical significance, present one of the most interesting prob- 
lems in present-day geodesy. 


4A. R. CiarKe. On the figure of the earth. Lond. Edinb. Dubl. Philos. Mag. 
Journ. Sci. 6: 81. 1878. 

1 W.D. Lampert. An investigation of the latitude of Ukiah, Calif., and of the motion 
of the pole. Coast & Geod. Surv. Spec. Pub. 80: 59. 1922. 

16 W. D. Lampert. The figure of the earth and the parallax of the moon. Astron. 
Journ. 38 (908): 181. 1928. 
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BOTAN Y.—Mosses of western Mexico collected by Mrs. Ynes Mezxia.' 


n 
y Epwin B. Barrram, Bushkill, Pennsylvania. (Communicated 
y by WituuaM R. Maxon). 


The small but interesting collection of mosses reported on here- 
4 with was made by Mrs. Ynes Mexia in the States of Jalisco and Naya- 
rit in the winter of 1926-27, and has been intrusted to the writer for 
determination by Dr. William R. Maxon of the United States National 
Museum. If it is typical of the moss flora of the Sierra Madre Occi- 
dental we may well assume that western Mexico still holds a reserve 
of bryological knowledge that will amply reward further exploration. 

Specimens representing the species listed below, together with the 
types of the new species described, are in the United States National 
Herbarium. 


= ~~ Vw vw 





CAMPYLOPUS TALLULENSIS Sull. & Lesq. 

On rocky precipitous slope, Real Alto, La Bufa, Jalisco, 2,500 meters, 
Jan. 30, 1927, no. 1595b. 

This species has not been reported from Mexico before and the determination 
has not been made without some reservation. The costa is practically smooth 
on the back and the leaves are wider in the basal portion, with a relatively 
broader costa, than in typical plants from the southern United States; but in 
other respects the agreement seems to be complete. The broader costa, up 
to 0.06 mm. wide, is more suggestive of C. Roellit or C. Hellerianus, but these 
species are described as having a narrow blade, up to 80u wide, just above the 
alar cells, while the leaves of this collection show the blade at least three times 
this width. This trio is known only in sterile condition. When the fruiting 
characters are available it would not be surprising to find them automatically 
reduced to forms of one rather variable specific type. 


—_—=wToowvrwwF wa =~ wy 


_ “ = € 





SS OS CL 


CAMPYLOPUS INTROFLEXUS (Hedw.) Brid. 


Bare gullied hillside, red clay near stream, San Sebastian, Hacienda del 
Cura, Jalisco, 1,425 meters, Jan. 2, 1927, no. 1344. 


METZLERELLA cosTaRiceNsis (C. M.) Broth. 
Around earth and roots of oak tree, Hacienda del Ototal, East of San 
Sebastian, Arroyo de los Hornos, Jalisco, 1500 meters, March 6, 1927, no. 
1822a. 


OcTOBLEPHARUM ALBIDUM (L.) Hedw. 
On trunk of palm tree in dense nut palm woods, Tixpan, Jalisco, 20 
meters, Nov. 3; 1926, no. 1028. 


Merceyopsis mexicana Bartr., sp. nov. (Fic. 1, A-H) 


Dioicous? Antheridial flowers not found. Plants in dense cushions, 
yellowish green at the tips, paler below, matted together with reddish radi- 


1 Received October 29, 1928. 
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cles. Stems up to 2 cm. high, erect or decumbent, irregularly branched by 
innovations, abundantly radiculose throughout, without central strand. 
Lower leaves not crowded, 2.5 to 3 mm. long, the upper longer, in comal 
tufts, up to 3.5 mm. long, carinate, undulate on the edges and strongly 
crisped when dry, erect-spreading when moist, lanceolate-spatulate, oeeety 
acute, carinate in the lower half, margin narrowly reflexed on one or bot 
sides from just above the insertion about one-quarter of the way up, flat and 
lightly undulate above; costa 65u to 70u wide just above the base, tapering 
upward and ending slightly below the apex, reddish at the base, lutescent 
above, strongly convex on the dorsal side, smooth, in cross-section showing 
two or three guide cells with several smaller cells on the ventral side and a 
thick dorsal band of stereid cells with the outer row differentiated; leaf cells 
smooth, the upper rounded or transversely oval, about 7u to 10u in diameter, 
with incrassate, pellucid walls, the lower cells larger, seriate, several rows 
toward the costa rectangular with rounded corners, up to 38u long by 12y 
wide, at the extreme base short-rectangular, not or hardly incrassate, occa- 
sionally hyaline; seta terminal, erect, filiform, pale yellow, 2 to 3 mm. high; 
capsule ovoid-cylindric, pale yellow and lightly striate when empty, about 
1.1 mm. long; exothecal cells large, thin-walled, broadly hexagonal, 4 or 5 
rows around the mouth smaller and reddish; peristome none; lid and calyptra 
unknown; spores light brown, slightly rough, 10u in diameter. 

Type: On steep rock, San Sebastian, East of Segundo Arroyo, Jalisco, 
Mexico, 1,500 meters, January 25, 1927, Mrs. Ynes Mexia, no. 1568a. 


These plants are so nearly identical with*’Merceyopsis gedeana (Lac.) 
Fleisch., of Java, that it has been difficult to find any really satisfactory diag- 
nostic characters. The leaves of M. mezicana are relatively longer, with. 


more strongly reflexed basal margins and less incrassate basal areolation; 
the setae are consistently shorter, more slender and paler; the capsules paler 
in color and striate when empty; but these differences are of degree only, and 
not entirely conclusive. The collection is of unusual interest, however, as it 
represents the first record for the genus on this continent, all the previously 
known species being confined to India, Java, and Luzon. 


ANOECTANGIUM EUCHLORON (Schwaegr.) Mitt. 
On north side of old rock wall, San Sebastian, nerth-east of Hacienda del 
Cura, Jalisco, 1,425 meters, Jan. 3, 1927, no. 1364. 
ANOECTANGIUM CONDENSATUM Schimp. 
On rock near stream, San Sebastian, Canyon El Ranchito, Jalisco, 1,500 
meters, Jan. 12, 1927, no. 1470. 
LEPTODONTIUM EXASPERATUM Card. 
Rocky precipitous slope, Real Alto, La Bufa, Jalisco, 2,500 meters, Jan. 
30, 1927, no. 1595a. 
LEPTODONTIUM SULPHUREUM (C. M.) Mitt. 
Growing on small trees near stream, San Sebastian, east of Arroyo del 
Cura, Jalisco, 1,425 meters, Jan. 5, 1927, no. 1389. 
WEBERA SPECTABILIS (C. M.) Jaeg. 
Jalisco, 1927, no. 1704. 








Fig. 1. A—H. Merceyopsis mexicana Bartr. sp. nov.—A, plant xX 1.4 dia.; B, 
tip of stem and sporophyte X 7.7 dia.; C, D, leaves X 24.5 dia.; E, apex of leaf X 112 
dia.; F, one side of leaf base, dorsal view X 112 dia.; G, upper leaf cells and margin X 
560 dia.; H, cross-section of costa from upper part of leaf x 280 dia. 

I—P. Isopterygium dimunitivum Bartr. sp. nov.—I, plant xX 2.1 dia.; J, dry 
capsule X 11.2 dia.; K, end of stem X 7.7 dia.; L, M, N, leaves X 56dia.; O, apex of 
leaf X 2.80 dia.; P, basal angle of leaf < 280 dia. 
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* Bryum rnsouirum Card. 

On top of old rock wall, San Sebastian, north-east of Hacienda del Cura, 

Jalisco, 1,425 meters, Jan. 3, 1927, no. 1365. 
BRYUM ROSULATUM C. M. 

Rocky precipitous slope, on rock, Real Alto, La Bufa, Jalisco, 2,500 meters, 
Jan. 30, 1927, no. 1595b. 

PHILONOTIS TENELLA (C. M.) Besch. 

On rock in stream bed, Santa Cruz de Vallarta, Jalisco, 700 meters, Dec. 
10; 1926, no. 1278. 

BREUTELIA TOMENTOSA (Sw.) Schimp. 

Steep damp stream bank, San Sebastian, east of Arroyo Santa Gertrudis, 
Jalisco, 1,500 meters, Jan. 18, 1927, nos. 1509 and 1510. 

FUNARIA CALVESCENS Schwaegr. 

On dry clay bank near stream at canyon bottom, trail from San Sebastian 
to Arroyo Seco, Jalisco, 1,500 meters, Jan. 8, 1927; no. 1437. Near stream in 
gully, in dense shade, San Sebastian, trail to El Ranchito, Jalisco, 1,500 
meters, Jan. 11, 1927, no. 1458. Densely wooded, damp north slope, grow- 
ing on old tree roots and in earth, Real Alto, trail to El Tajo de Santiago, 
Jalisco, 2,500 meters, Feb. 23, 1927, no. 1746a. Santa Cruz de Vallarta, 
Jalisco, 700 meters, Dec. 1, 1926, no. 1304. 

MACROMITRIUM TORTUOSUM Schimp. 

Steep shaded ravine near stream, on rock, Cerro de San Juan, west of 
Tepic, Nayarit, 1000 meters, Sept. 19, 1926, no. 696. Steep, damp stream 
bank, on tree trunk, San Sebastian, east of Arroyo Santa Gertrudis, Jalisco, 
1,500 meters, Jan. 18, 1927, no. 1519. 


PILOTRICHELLA PULCHELLA Schimp. 


Bare gullied hillside, red clay, by stream, San Sebastian, Hacienda del 
Cura, Jalisco, 1,425 meters, Jan. 2, 1927, no. 1343. 
THUIDIUM INVOLVENS (Hedw.) Mitt. 
On rocks in stream bed, Santa Cruz de Vallarta, Jalisco, 700 meters, Dec. 
10, 1926, no. 1277. 


ERYTHRODONTIUM PRINGLEI Card. 
Rocky precipitous slope, on rock, Real Alto, La Bufa, Jalisco, 2,500 meters, 
Jan. 30, 1927, no. 1595. 


ERYTHRODONTIUM TERES (C. M.) Par. 

On tree trunk, trail from Tepic to Los Aquacates, near Arroyo Seco, 
Nayarit, 1,000 meters, Sept. 11, 1926, no. 551. Steep shaded ravine near 
stream, growing on rock, Cerro de San Juan, west of Tepic, Nayarit, 1,000 
meters, Sept. 19, 1926, no. 695b. 

The reddish setae and striated peristome teeth are characters that are 
shared in common by both E£. teres and FE. densum. I have been unable to 
find any antheridial flowers on either of these collections, but the relatively 
numerous sporophytes suggest that the inflorescence is probably autoicous. 
The broadly ovate, abruptly acuminate leaves are more suggestive of Z. 
teres than of the other species. 


ENTODON ERYTHROPUS Mitt. var. MExicaNus Card. 
On rocks near canyon bottom, trail from San Sebastian to Arroyo Seco, 
Jalisco, 1,500 meters, Jan. 8, 1927, no. 1427. Dense woods, on stream banks 
at canyon bottom, San Sebastian, east of Arroyo del Cura, Jalisco, 1,425 
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meters, Jan. 5, 1927, no. 1386. Bottom of steep ravine, along stream, 
Quimixto, trail to San Pedro del Tuito, Jalisco, 60 meters, Dee. 2, 1926, no. 
1230. 
TAXIPHYLLUM PLANISSIMUM (Mitt.) Broth. 
Woods on mountain side, growing on rock, Santa Cruz de Vallarta, Jalisco, 
300 meters, Dec. 8, 1926, no. 1258. 


SEMATOPHYLLUM HAMPEI Besch. 
Around earth and bark of oak, west of San Sebastian, Hacienda del Ototal, 
Arroyo de los Hornos, Jalisco, 1,500 meters, March 6, 1927 no. 1823c. 


Isopterygium dimunitivum Bartr., sp. nov. (Fig. 1, I-P) 

Autoicous; male buds minute, about 0.3 mm. long; antheridia 1 to 3, 
inclosed by 5 or 6 concave, loosely areolate, ovate-acuminate bracts. Plants 
small, prostrate, in rather thin mats, yellowish green above, brownish be- 
neath, sparingly radiculose, irregularly branched; branches short, horizontal. 
Leaves erect-spreading and somewhat homomallous when dry, widely spread- 
ing when moist, oblong-ovate, rather long-acuminate, concave, 0.6 to 0.7 
mm. long, the margin entire or very faintly sinuate toward the apex, plane; 
costa short and double or none; leaf cells smooth, linear, prosenchymatous, 6 
or 8 at the basal angles, subquadrate; perichaetial leaves erect, the outer 
about. 1.mm. long, ovate-lanceolate, slenderly acuminate, loosely areolate 
in the lower half; seta slender, reddish below, paler above, about 8 mm. 
long, twisted to the right when dry; capsule about 1 mm. long, horizontal, 
contracted under the mouth and lightly striate when dry, short-ovoid when 
moist; exothecal cells short-rectangular, with rather thick, yellowish, pellu- 
cid walls; peristome teeth pale yellow, projecting about 0.25 mm. above the 
rim, closely cross-striate below, pale and coarsely papillose at the apex, cilia 
two; lid and calyptra unknown. 

Type: In dense nut palm woods, Tixpan, State of Jalisco, Mexico, alti- 
tude about 20 meters, November 3, 1926, Mrs. Ynes Mexia, no. 1028a. 

The plane-margined leaves distinguish this plant from both J. mtradori- 
cum and J. cordovense. It is nearer J. tenerum (Sw.) Mitt., but is smaller, 
with broader leaves less slenderly pointed and with a larger area of quadrate 
alar cells. Exactly the same plant occurs in a collection of Mexican mosses 
received from Mr. C. R. Oreutt, collected in the vicinity of Alzada, State of 
Colima, November +, 1910, no. 4645. 

POGONATUM BREVICAULE Brid. 

Rocky stream bank, in damp clay soil, San Sebastian, Arroyo Seco, Jalisco, 
1,500 meters, Jan. 15, 1927, no. 1494. Near stream at bottom of canyon, 
growing on rocks, trail from San Sebastian to Arroyo Seco, Jalisco, 1,500 
meters, Jan. 8, 1927, no. 1436. 

The occurrence of this species in Mexico is rather surprising, but I can find 
no excuse for separating these collections from the familiar type of the eastern 
United States. This is apparently the first time it has been recorded from 
Mexico. 

PoGONATUM CAMPYLOcARPUM (C. M.) Mitt. 

Shady, north bank of stream, Real Alto, Poso Hedionda, Jalisco, 2,500 

meters, Feb. 20, 1927, no. 1723a. 
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PoGoNATUM LIEBMANNIANUM Schimp. 

Steep damp stream bank, San Sebastian, east of Arroyo Santa Gertrudis, 
Jalisco, 1,500 meters, Jan. 18, 1927, no. 1511. Near stream, on bare gullied 
hillside, growing in damp red clay, San Sebastian, Hacienda del Cura, Jalisco, 
1,425 meters, Jan. 2, 1927, no. 1352 (?). 


BOTANY.—The identification of Polypodium triangulum L.! Wi1- 
LIAM R. Maxon, National Museum. 


Among the ferns, one of the most distinctive groups is the widespread 
genus Polystichum. The species are commonly regarded as highly 
polymorphic, yet really are less notably so than has been thought, in 
many cases occupying (when critically segregated) comparatively 
narrow but natural, well defined areas of distribution; this has been 
shown to be true for Jamaica and the West Indies generally.? 

The present notes relate to the historic misidentification of the 
Linnaean Polypodium triangulum, described originally from Hispaniola. 
Recent ample collections from that island show it to be a very distinct 
but rare endemic species, related closely not to the abundant Greater 
Antilles plant commonly called Polystichum triangulum (which must 
be known in future as Polystichum echinatum), but to P. mucronatum 
(Swartz) Presl, a Jamaican species of similar habit and essentially 


non-spinulose character. Historical and descriptive notes upon the 
three species, with principal synonymy, are given herewith. 


Polystichum triangulum (L.) Fée, Gen. Fil. 279. 1852. Fic. 1. Polypodium 
triangulum L. Sp. Pl. 2: 1088. 1753. 

The original description of Polypodium triangulum L., 1753, reads as fol- 
lows: “Polypodium frondibus pinnatis: pinnis triangularibus, dentatis,”’ 
and is based upon the ‘‘Trichomanes folio triangulo dentato” of Petiver, 
illustrated at plate 1, figure 10. This illustration is obviously redrawn from 
Plumier’s plate 72, depicting a plant from Hispaniola. There is no specimen 
of Polypodium triangulum in the Linnaean Herbarium. Plumier’s plate 72 
thus stands as virtual type. 

So long as true material of this species was lacking from Hispaniola it was 
not unnatural to associate under this name other plants from the Greater 
Antilles which agreed only indifferently with the Plumier plate. Thus the 
name became fixed eventually upon a highly variable species of Jamaica, 
eastern Cuba, and Haiti (rare in Porto Rico and Guadeloupe), in which the 
pinnae are for the most part not merely “dentate” but serrate-spinescent. 
This latter species, taken up by Hooker, Jenman, and others as Aspidium 


1 Published by permission of the Secretary of the Smithsonian Institution. Re- 
ceived October 31, 1928. 

2 Contr. U. S. Nat. Herb. 13: 25-39. pl. 2-9. 1909; 16: 49-51. pl. 27. 1912; 24: 53, 54. 
pl. 19, 20. 1922. 
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triangulum Swartz, and by recent authors as Polystichum triangulum, must 
properly bear the name Polystichum echinatum (Gmel.) C. Chr.; it is discussed 


below. 
The Hispaniola material at hand which now proves truly referable to 


Polystichum triangulum is as follows: 

Hartt: Fonds Verettes, Mission; alt. 1000 meters or more; occasional in 
damp thickets; Leonard 3997. Furey; alt. 1300-1500 meters; damp thickets 
and steep mossy ravine banks; occasional or locally common, Leonard 4278, 
4281, 4284a, 4631, 4635; Picarda 256. Morne Brouet, Massif de la Selle; alt. 
1600 meters, in shady places; Ekman 1103. Morne Formond, Torbec, 
Massif de la Hotte; alt. 1550 meters; on stony ridge, Ekman 7454. 


As previously stated, the affinity of this species is with P. mucronatum 
(Swartz) Presl, of Jamaica, a species well known from Hooker’s description 
and figure,’ from Jenman’s description,‘ and from notes and illustrations pub- 
lished by the writer.6 As in P. mucronatum, the rachis bears a thick persist- 
ent covering of rigidly ascending or appressed-imbricate, hairlike, reddish 
scales, and the very numerous close-set pinnae are similarly clothed beneath. 
Plumier’s descriptive notes, freely translated, are in part that the stipes or 
rachises are “all covered with reddish hairs;’”’ that the pinnae are “so close 
to one another that the lower one always overlaps the other;” that the pinnae 
are always rather short, but broad at the base, not more than an inch long, 
“wholly of a brownish green, wrinkled on the upper surface, the lower surface 
being clothed with reddish hairs.” 

These characters apply to the pla ats in hand, rather than to the P. trian- 
gulum of authors. We may believe, too, that the spinulose margins and 
glabrate surfaces of the P. triangulum of authors would have been emphasized, 
if that plant had been intended. On the contrary, Plumier refers to the 
“pointed teeth’’ of the pinnae, a character which is not very obvious in all 
the specimens, though well shown in some. 

Making every allowance for exaggeration of detail in Plumier’s plate 72, 
it seems fairly certain, then, that the plant there figured is identical with the 
one here illustrated. Certainly the plants at hand are distinct specifically 
from all other West Indian species known, and they agree far better with the 
plate and description of Plumier than do any of the Hispaniola specimens 
here placed under P. echinatum, the P. triangulum of authors. 


Polystichum echinatum (Gmel.) C. Chr. Ind. Fil. 83. 1905; 581. 1906. 
Polypodium echinatum Gmel. Syst. Nat. 27: 1309. 1791. 
Polystichum falcatum Fée, Gen. Fil. 279. 1852; not Diels, 1899. 
This is the common Greater Antilles species misidentified in the past as 
Polystichum triangulum. 


3 Sp. Fil. 4: 9. pl. 216. 1862, as Aspidium mucronatum; not A. mucronatum Swartz, 
which is Polystichum muricatum (L.) Fée. 

‘ Bull. Bot. Dept. Jamaica II. 2: 266. 1895. 

5’ Contr. U. 8S. Nat. Herb. 13: 37. pl. 8, A, B. 1909; as Polystichum struthionis Maxon. 
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The original description of Polypodium echinatum reads as follows, “Pinnis 
falcato-lanceolatis subserratis sursum auritis base & anterius spinosis; stipite 
squamoso,”’ with citation of Sloane’s plate 36, 4 and 5, representing 
Jamaican plants. Gmelin’s specimens (if any) have not been seen. The 
two Sloane specimens illustrated in figures 4 and 5 were examined recently 
at the British Museum, however; and although one of them is only seantily 
spinescent, both belong to the species ordinarily called (in error) P. triangu- 
lum. The specific name employed by Gmelin is in itself peculiarly indicative 
of this species, as opposed to P. triangulum (verum) and the Jamaican P. 
mucronatum. 

Variation within P. echinatum is exceptionally wide. A narrow form is 
shown by Hooker in plate 33 of his Filices Exoticae (1858); but blades 4 to 6 
cm. broad are not uncommon even in Jamaica, and in Hispaniola they reach 
a width of 8 to 10 cm., showing also marked variation in degree of serration. 
The Cuban plants are, in the main, intermediate, and it is possible to arrange 
the whole extensive series of Greater Antilles material in an almost unbroken 
line, showing every integradation not only in size but in less obvious charac- 
ters. The margins are almost invariably serrate-spinescent, often very 
deeply and strongly so, and the blades always non-proliferous. As illustra- 
tive, the following specimens may be cited: 

Jamaica: Clute 170; Hitchcock 9506; Underwood 1167, 1822, 2838, 2839, 
3295; Mazon 1201, 1337, 1489, 1873, 1883, 1884, 1887, 2207, 2555, 2591, 
2788, 2827, 2968, 8752, 8754, 10087, 10150, 10400, 10462, 10482; Mazon & 
Killip 358, 998, 1034, 1413, 1453a, 1699. 

Cusa: Shafer 8731; Pollard & Palmer 143; Leon 11179; Maxon 4243, 4260, 
4267, 4459, 4461. 

HispaNnioua: Haiti, Leonard. 3648, 3772, 3786, 4697, 4905, 4926, 7822, 
8398, 8638, 9087; Nash & Taylor 1341, 1352; Miller 235; Ekman 1177, 3800, 
7333. Dominican Republic, Abbott 1848, 1852, 1969; Tirckheim 2933 ; 
Fuertes 1562. 

Porto Rico: Near Florida, on limestone, EZ. G. Britton 8535; Britton, 
Britton & Boynton 8189. 

Polystichum mucronatum (Swartz) Presl, Tent. Pter. 83. 1836. 
Polypodium muricatum Swartz, Prodr. Veg. Ind. Occ. 131. 1788; not L., 
1753. 

Aspidium mucronatum Swartz, Journ. Bot. Schrad. 18007: 30. 1801. 

Polystichum echinatum C, Chr. Ind. Fil. 83. 1905; not Polypodium echina- 
tum Gmel. 1791. 

a struthionis Maxon, Contr. U. 8. Nat. Herb. 13: 37. pl. 8, A, B. 
1909. 

A well known, endemic Jamaican species, here regarded in the sense of 
Swartz, Hooker, and Jenman. 

Relying too much upon Sloane’s plate 36, figures 4 and 5, cited by Swartz 
as illustrating his Polypodium muricatum and again mentioned by him in 
proposing the substitute name mucronatum, the writer long ago misidentified 
this species and needlessly proposed for it the new name P. struthionis; the 
error might have been avoided by a critical reading of Swartz’s later detailed 
description. Recently, an examination of the Swartzian type at Stockholm 
showed it to be identical with Hooker’s plate of Aspidium mucronatum’ and 


* Fl. Ind. Occ. 3: 1649. 1806. 
7 Sp. Fil. 4: 9. pl. 216. 1862. 
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the writer’s illustration of P. struthionis, above cited. As previously stated, 


Sloane’s figures 4 and 5 pertain to P. echinatum, and not to P. mucronatum. 
The following specimens, showing relatively slight variation, are at hand: 
Jamaica: Hart 29, 209; Clute 68; Eggers 3763; Underwood 458; Maxon 

1316, 1470, 1610, 1614, 2660, 8748, 10077, 10154, 10557; Mazon & Killip 608, 

906, 1009. 





PALEOBOTANY.—An Alethopteris from the Carboniferous of Peru.' 
Epwarp W. Berry, Johns Hopkins University. 


In 1922 the writer described a few Carboniferous plants from the 
Paracas Peninsula in Peru, one of which he collected also on the 
Copacabanya peninsula at the Bolivian end of Lake Titicaca. These 
were Palmatopteris furcata Brongn., Eremopteris white: Berry, E. 
peruianus Berry, Calamites suckowit Brongn., Calamostachys sp., Lepi- 
dodendron rimosum Sternb., L. obovatum Sternb., Lepidophyllum sp., 
Lepidostrobus sp., Stigmaria sp., and Knorria sp. 

Despite the absence of neuropterids, pecopterids, alethopterids and 
lonchopterids, this flora was considered to indicate a Westphalian age 
and not to represent the Dinantian as had been asserted by Stein- 
mann.* This conclusion was based upon paleogeographic considera- 
tions, the nature of the plants found and their manner of accumula- 
tion, and their apparent close relations with marine sediments 
carrying a Uralian fauna (Stephanian stage in terms of the Euro- 
pean continental section). 

The Paracas plants have also been the subject of a short paper by 
Seward‘ who reported on a collection made by Douglas. I have heard 
of specimens of ferns from the Carboniferous of Titicaca Island— 
they are mentioned by Bandelier—but I have seen no actual speci- 
mens. The marine Carboniferous is widespread in South America, 
and carries an excellent fauna. A soft bottom facies of this was en- 
countered in the Amotape Mountains in 1927, which is the most north- 
westerly known occurrence of rocks of this age in South America. 

A small collection recently received from my friend, Professor Lis- 
son of Lima, enables me to report the occurrence in Peru of a plant 
highly characteristic of the Westphalian stage in Europe, and inferen- 
tially supports my determination of the age of the Paracas plants. 


1 Received October 19, 1928. 

*E. W. Berry. Johns Hopkins University Studies in Geology 4: 9-44. pls. 1-8. 
1922. 
*G. Sremvmann. Geol. Rundschaul: 50. 1912. 
*A.C.Sewarp. Quart. Journ. Geol. Soc. Lond. 78: 278-283. tf. 1; pl. 18. 1922. 
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The present material comes from Chuquibambilla in the province of 
Cotabamba, Department of Apurimac. Marine Carboniferous was 
reported from Apurimac, at Antabamba above Chuquibambilla, by 
Bowman,‘ who also collected fossils at Chuquibambilla, said by Schu- 
chert* to represent Pecten near quadricostatus, a clypeasterid, etc., 
which are Cretaceous forms. I know nothing of the relations of the 
rocks in the vicinity of Chuquibambilla, 
but there can be no question of the 
identity of the present fossil plant or of 
its Westphalian age. 

The material submitted by Professor 
Lisson comprises two specimens the size 
of the one figured and several smaller 
fragments, all of a single species, pre- 
served in a dark, considerably metamor- 
phosed shale. These are identical with 
what is called Alethopteris serlii (Brong- 
niart) Goeppert in the Northern Hemi- 
sphere. The question of the actual 
cosmopolitanism of a single botanical 
species is not so certain, although there 
are no known criteria for making a dif- 
ferentiation. Some of the alethopterids 
have been shown to be referable to the 
seed ferns (Pteridospermophyta) and 
the suspicion that all of them belong 
in that category appears to be war- 
ranted. What is now called Alethopteris 
Figure "Be. Alothoptorte pres serlit was figured by Parkinson in 1804, 
(Brongn.) Goeppert var., from 2amed by Brongniart in 1828, and de- 
Westphalian of Chuquibambilla, scribed a few yearslater. The Peruvian 
Apurimac, Peru. material, one of the larger specimens of 
which is shown in Figure 1, may be briefly characterized as follows: 





ALETHOPTERIS SERLII (Brongniart) Goeppert 
Figure 1 
Coriaceous. Pinnules not contracted toward the base. Midveins coarse, 


straight and prominent. Laterals at almost right angles, stout and very 
closedly spaced, usually acutely forked near the base, but sometimes simple 


5T. Bowman. The Andes of Southern Peru, pp. 243-244. 1916. 
*C. ScnucwertT. Idem., p. 323. 
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and always simple toward the tips of the pinnules. The pinnules are linear, 
at right angles to the axis, long slender and bluntly pointed, very slightly 
ascending toward their tips; they are alternate, well spaced, decurring to join 
the one next below by an only slightly inequilateral sinus. In one specimen 
the pinnules are closely spaced and these taper slightly proximad. 


This so-called species exhibits a great deal of-variation, judging by the 
numerous figures of specimens which various authors have identified with it. 
And even on a single frond—which is large and quadripinnate—there is a great 
deal of variation in different regions of the frond. The Peruvian form is 
more like the variety described by White’ from Missouri as var. missouriensis 
than it is like any of the figures of European specimens with which I have 
compared it. 


PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


THE BIOLOGICAL SOCIETY 


720TH MEETING 


The 720th meeting was held at the Cosmos Club, April 7, 1928, with 
President GoLpMAN in the chair and 57 persons present. New members 
erates: Ricuarp Jones, Henry 8. Kiausner, W. E. McInpoo, C. N. 

MITH. 

A. Wermors stated that the insect collection of the late C. F. Baker had 
been donated to the National Museum. He explained that this was one 
of the finest collections of Phillippine insects and had just arrived at New 
York. The collection is housed in 1,400 Schmidt boxes. 

H. H. T. Jackson announced that the annual meeting of the American 
Society of Mammalogists would be held at the National Museum April 12-14, 
and that the art exhibit in the National Museum in this connection numbered 
about 150 colored drawings and about 50 technical drawings. 

R. M. Lipsey called attention to the arrival of purple martins on March 29. 

A. Wermore announced the receipt by the National Museum of a rare 
thrush donated by Mr. Lown. He discussed briefly the structure and re- 
lationships of this rare bird. 

W. P. Taytor: The biology of forest range.-—The cutting or burning of vast 
tracts of timber means more than timber loss. The whole realm of nature is 
affected. Game birds, mammals, fur-bearing animals, and fishes are often 
reduced in numbers or even exterminated. The trend here, as in England, 
is definitely toward a reduction of the nation’s basic resources and a lowering 
of living standards. No argument is needed to show the need for more facts. 
Forest and range are not gifts, they should be regarded as crops. While 
agricultural production generally has increased, forest and forage production 
has decreased. The only way to change this is through careful studies of all 
the important animals and plants in the woods and on grazing ranges and 
their climatic and other surroundings, and the rigorous application of the 
results of these studies in the management of forest and range lands and the 
improvement of forest and forage crops. 


7D. Waits. U.S. Geol. Survey Mon. 37: 118. pl. 37, fiz. 2; pl. 48,5. 1899. 
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W. H. Ricu, of the U. 8S. Bureau of Fisheries, discussed the method of age 
determination of salmon, by means of the scales. This discussion of recent 
progress in determining structural and growth characteristics in the scales 
which made it possible to determine the age of specimens of certain species 
of salmon was illustrated by lantern slides. 

W. B. Bett, Secretary pro tem. 


721sT MEETING 


The 721st meeting of the Biological Society was held at the Cosmos Club, 
April 21, 1928, with President GoLpMaN in the chair and 38 persons present. 
New member elected: Paut S. Gottrorr. 

Ray GREENFIELD announced the capture of a specimen of a rare shrew, 
Sorex fontinalis, near Riggs Mill, Prince Georges County, Maryland, on 
April 6, 1928. This is said to be the seventeenth specimen taken in the 
District of Columbia and vicinity. 

Water Batu reported his capture of a sick or injured live specimen of 
red-throated loon on the Tidal Basin, Washington, D. C., on April 17, 1928. 
The specimen, which is a very rare bird in the vicinity of the District of 
Columbia, has been presented to the National Zoological Park. 

R. L. Premeise.: Types of vegetation of East Africa (illustrated).—Three 
types of vegetation cover the major part of this area. The Acacia and 
desert grass type consisting of Acacia trees, tufts of bunch grasses and spaces 
of bare soil covers semi-arid lands adapted only for grazing. The drought 
period is long and the grasses are green for only a short time after the rains. 
The scrub tree and tall grass type, with Acacia or similar trees and a uniform 
growth of somewhat coarse grasses, covers the lower plains near Lake Victoria 
and the coast. These grasses are green for most of the year. The bulk of 
the sisal and cotton is grown here. The tall grass type, mostly pure grass- 
lands, covers the higher plains. The length of the drought period is inter- 
mediate between those of the two preceding types but the temperatures here 
are lower than those of either of the other two. It represents the great graz- 
ing areas and the part near the border of the temperate rain forest produces 
most of the wheat of Kenya. Moreover, land of this and the preceding type 
together produces most of the maize of East Africa. 

Interesting types covering but a small percentage of the total area are 
found on the mountain slopes and high plateaus; the temperate rain forest 
type of olives, cedar, Podocarpus and bamboo, the lower parts of which furnish 
the best coffee lands and meadows which are green practically the year 
around ; the alpine shrub type of heaths and composites; and the alpine grass- 
land, mostly sedges and coarse grasses. (Author’s abstract.) 

L. W. Kepuart: Geography of East Africa (illustrated).—(No abstract 
received.) 

W. B. Bett, Recording Secretary pro tem. 


722D MEETING 


49TH ANNUAL MEETING 


The 722d regular and 49th annual meeting was held at the Cosmos Club, 
May 5, 1928, with President GoLpMAN in the chair and 21 persons present. 

Under suspengion of the rules, the following new members were elected: 
Matcotm Davis, C. C. Sansporn, G. 8. WALLEY. 

A resolution on the recent death of Dr. J. N. Ross, a former President of 
the Society, prepared by Drs. Hrrcucock and Maxon, was read by the 
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Secretary. On motion of Dr. OBERHOLSER, it was voted that it be spread 
on the minutes and a copy sent to the bereaved family. 

The minutes of the previous annual meeting were read and approved. 
The reports of the Recording Secretary, Treasurer, and Publication Committee 
were read and ordered placed on file. Mr. C. E. Coamsuiss, for the Auditing 
Committee, reported that the treasurer’s accounts had been found correct. 
Dr. W. B. Bex gave an informal report for the Committee on Communica- 
tions. The report of the Board of Trustees was read and accepted. The 
President then appointed Messrs. Jackson and CHamBuiss tellers and the 
election of officers took place, resulting as follows: 

President, E. A. GoLDMAN; Vice-presidents, A. Wetmore, C. E. CHAMBLISS, 
H. H. T. Jackson, C. W. Stizes; Recording Secretary, 8. F. Buaxe; Corre- 
sponding Secretary, W. H. Wuite; Treasurer, F. C. Lincotn; Members of 
Council, H. C. Futter, W. R. Maxon, A. A. Doourttis, I. Horrman, T. E. 
SNYDER. 

8. F. Buaxe, Recording Secretary. 


@bituarp 


Davin Sy_vanus CARLL, a member of the Acapemy, died at his home in 
Washington, November 5, 1928. He was born at Huntington, New York, 
March 21, 1855. He was a past president of the Washington Society of 
Engineers and of the Washington Chapter, American Society of Civil En- 
gineers. Mr. Carll was chiefly interested in traction engineering, having 
had charge of construction and operation of street railways in Washington, 
D. C., since 1890. 
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Bignoniaceae, Venezuelan. H. Pit- 
Tier, I. 61; II. 170; III. 333. 
Central America, new plants from. 
P. C. Sranptey. XII. 178; XIII. 

273. 

Ceratophytum. H. Pittrer. 61. 

tEast Africa, types of vegetation of. 
R. L. Premerser. 589. 

tForest science in the United States. 
W: B. GREELEY. 257. 

Franklinia alatamaha, Franklin tree, 
history of. E. T. Wxerry. 172. 
Loasaceae, new South American. E. P. 

Kiuurr. 89. 

Mosses of western Mexico collected by 
Mrs. Ynes Mexia. E. B. Bartram. 
577. 

§Mycological collection of C. G. Lloyd 
transferred to Office of Mycology and 
Disease Survey, Washington. 356. 

Orchids, northward extension of 
southern, in relation to soil reaction. 
E. T. Wuerry. 212. 

§Photographic negatives of Erwin F. 
Smith given to Science Service. 105. 

Polypodium triangulum, identification 
of. W. R. Maxon. 582. 

Rubiaceae, Central American. P. C. 
STaNDLEY. 5. 

Schizachne, grass genus. J. R. Swat- 
LEN. 203. 

Shanizia, 

LEwrTon. 


African shrubs. F. L. 


10. 
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Botany (Continued) 
Taxonomic botany, 
H. Pirtrer. 206. 
tTimber growing and protection from 
fire. E.N.Muonns. 259. 
Timouria, new species of, from Mon- 


some errors in. 


golia. R. Rosuevits. 502. 

Tree fern from Haiti, new. W. R. 
Maxon. 316. 

Valeriana, new species of, from Colom- 


bia and Peru. E. P. Kiuurp. 498. 
Werneria, new South American species 
of. S. F. Buaxe. 485. 
tYoho Park, flora of. Titus ULKE. 
142. 

Chemistry. Aldehyde condensations with 
diphenylisothiohydantoin. 8. _ S. 
Kinessury and K. S. Mark ey. 
558. 

tHistory, chemical interpretation of. 
E. E. Stosson. 288. 

tMetal amines and their significance for 
the physical chemistry of solutions. 
J. N. Brénstep. 290. 

Selenium, examination of sulfuric acid 


for. R.C. Weis. 127. 
tSteel, theory of high speed. C. Benz- 
DICKS. 256. 
Crystallography. -lactose, crystallog- 


raphy and optical properties of. 
E. T. Wuerry. 302. 

tGrowth of crystals. 
320. 

Entomology. tArgentine, experiences in. 

R.C.SHannon. 435. 

tArsenic as an insecticide, toxicology of. 
F. L. Campseuy. 385. 

Cave-beetles, two new. H. 8S. Barser. 
194. 

tCoptotermes. T. E. Snyper. 381. 

tDamage, insect, to timbers in roof of 
the White House. T. E. Snyper. 
381. 

tEphestia Kuehniella, Mediterranean 
flour moth, bacterial disease of. G. 
F. Waite, 384. 

tEurope, report of entomological work 
in. L.O. Howarp. 387. 

tEuropean corn-borer, results of cam- 
paign against. W. H. Larrimer. 
385. 

tFlies, collecting in the West. J. M. 

Aupric#. 79. 


Crectt Detsca. 
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tForest insects. F.C. Crataueap. 435. 
tInsects, most important, in the United 


States. J. A. Hystop. 436. 
tJapan, entomology in. C. P. Crav- 
SEN. 436. 


{Japanese beetle, injury by. L. B. 
Smiru. 436. 


tLampyridae, the. H.S. BarsBer. 382. 


tMexican fruitworm (Anastrepha 
ludens), eradication of. A.C. BAKER. 
434 


tMoth-proofing solutions. E. A. Back. 
387 


tPink bollworm, control activities of, 
in the Southwest. S. B. Fracker. 
433. 
Reticulitermes from Baltic Sea amber, 
new. T. E. Snyper. 515. 
Ethnobotany. Mexican folk herbal: reme- 
dial plants of Tepoztlan. R. Rep- 
FIELD. 216. 
Ethnology. tAlgonkian, northern, magic 
and divination. J.M. Cooper. 230. 
American Indian music, results of 
study of. F. Densmore. 395. 
American Indian songs, melodic forma- 
tion of. F. Densmore. 16. 
tBasket-maker, late, village in Chaco 


Canyon. F. H. H. Roperts, Jr. 
230. 

fCalendars, ancient American. Z. 
NUTTALL. 228 


{Cliff Dwellers of Arizona and their 
predecessors. A. V. Kipper. 229, 
319. 

tDutch New Guinea, explorations in. 
M. W. Stirurne. 229. 

{Zuni Indians of New Mexico. 
Hopce. 323. 

Forestry. t¥Forest science in the United 
States. W.B. Greexey. 257. 

¢Timber growing and protection from 
fire. E. N. Munns. 259. 

General Science. §Coast and Geodetic 
Survey, bill introduced in Congress 
to transfer work of, to Department 
of Interior. 52. 

tMt. Everest expeditions, scientific 
aspects of. N. E. Opgxii. 343. 

{Visions and dreams of a scientific man. 
P. R. Heyl. 289. 

Geodesy. {International codperation in 
geodesy. W. Bowie. 102. 


F. W. 














d 


J- 








SUBJECT INDEX 597 


Geodesy (Continued) 
fInternational Geodetic and Geophys- 
ical Union, reports from Prague 
meeting. W. Bowiz, N. H. Hecx, 
H. H. Kimparu. 102. 
tObserver’s patterns. H.S. Rappieye. 
78. 

See also Geophysics. 

Geology. Appalachian stratigraphy, vari- 
ations in. C. Burts. 357. 

tCryptovolcanic regions. W. H. 
Bucuer. 521. 

tDanian formation, the. C. Povtsen. 
350. 

tEocene age of supposed late Upper 
Cretaceous greensand marls of New 
Jersey. C. W. Cooke and L. W. 
STEPHENSON. 262. 

tFaults, origin of normal. C. W. Wasx- 
BURN. 346. 

Fox Hills fossils, new locality for, in 
Colorado. J. H. Jonnson. 305. 
tIdaho, geology of south central. C. 

P. Ross. 267. 

fIsostasy as a factor in Basin Range 
faulting in Oquirrh Range, Utah. 
J. GIttuLty. 263. 

{Marine Cretaceous shale in Wyoming, 
possible varvesjin. W. W. Rusey. 
260. 

Oahu, geologically recent negative shift 
of strand line on. J. B. Poxtock. 
53. 

tOuachita Mountains of Oklahoma and 
Arkansas, structure of. H. D. Misr. 
266. 

Pleistocene deposits in Florida from 
which human bones have been re- 
ported, stratigraphy and age of. C. 
W. Cooke. 414. 

Pleistocene man at Vero, Florida. O. 
P. Hay. 233. 

fPoles of the atmospheric circulation. 
W. H. Hopss. 283. 

St. Francis dam, California, founda- 
tion rocks of. C. 8S. Ross. 346. 

Santa Monica Mountains, California, 
structural history and rock types of. 
H. W. Hoots. 352. 

Sperry Glacier. W. C. Aupen. 524. 

Stratigraphy and age of Pleistocene 





deposits in Florida from which human 
bones have been reported. C. W. 
Cooker. 414. 

{Stream valleys, asymmetrical, of 
Kansas, origin of. N.W. Bass. 266. 

Time, spiral graph of geologic. D. 
Waite. 201. 

tYosemite region, evidence of three 
glaciations in. F. E. Matrues. 260. 

See also Geophysics, Mineralogy, Paleo- 
botany, Paleontology, Volcanology. 

Geophysics. Evaporation from large 
bodies of water and some figures for 
Chesapeake Bay. R. C. WELIs. 
461. 

Geodetic constants. W. D. Lamsert. 
571. 

tInternational Geodetic and Geophys- 
ical Union, reports from Prague 
meeting. W. Bowrz, N. H. Heck, 
H. H. Kiwpatu. 102. 

See also Geology, Physics, Volcanology. 

Mathematics. Fermats’ Last Theorem. 
V. M. Spunar. 389. 

tTheoretical principles underlying 
balloting. L.'B. Tuckerman. 481. 

Mathematical Statistics. Damping effects 
and approach to equilibrium in cer- 
tain general phenomena. B. MEI- 
DELL. 437. 

Meteorology. American Geophysical 
Union, scientific papers presented at. 
525. 

tArctic exploration, problems of. F. 
NANSEN. 484. 

Climates of continents, effect of ocean- 
currents on. A. J. Henry. 556. 

Monsoon-predictions, work of the In- 

‘dian Meterological Service in. R. 
H. Weieutman. 551. 

tPrague meeting, report of section on 
meterology at. H. H. Krwsatt. 
105. 

Surface-winds, effect of, upon ocean 
drift. G. W. Lirrtenates. 548. 
tSummers in the United States, ab- 

normal, A. J. Henry. 76. 
Temperature-departures, time required 

for, to cross from western to eastern 

side of Pacific, and changes during 

crossing. G. F. McEwen. 546. 
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Meteorology (Continued) 

Temperature, water, significance of 
measurements of, not made at sur- 
face. G. F. McEwen. 545. 

Temperatures, sea-surface, reliability 
of different methods of taking. C. F. 
Brooks. 525. 

Mineralogy. tClays, studies of. 
Ross. 265. 

fPollucite near Hebron, Maine. 
Hess. 262. 

tRocks of Pacific Islands, review of 
Lacroix’s paper on. H. S. Wasa- 
INGTON. 265. 

Necrology. tBaxer, C. F. 386. Cart, 
D. S. 590. CHamBerun, T. C. 
564. Ditier, J. S. 564. Ross, J. 
N. 296. Scuwarz, E. A. 564. 
Swaes, B. H. 108. 

Oceanography. American Geophysical 
Union, scientific papers presented at. 
525. 

tAretic exploration, problems of. F. 
NANSEN. 484. 

Currents, effect of, on climates of con- 
tinents. A. J. Henry. 556. 

tInternational Geodetic and Geophys- 
ical Union, report on section of 
oceanography at Prague meeting. 
N. H. Heck. 103. 

Monsoon-predictions, 
Indian Meterological 
R. H. Wertentman. 551. 

Surface-winds, effect of, on ocean drift. 
G. W. Litrtenaes. 548. 

Surveys, ocean, problems and develop- 
ments in. J. P. Autr. 109. 

Temperature-departures, time required 
for, to cross from western to eastern 
side of Pacific, and changes during 
crossing. G. F. McEwen. 546. 

Temperatures, sea-surface, reliability 
of different methods of taking. C. F. 
Brooks. 525. 

Water-temperature measurements, not 
made at surface, significance of. G. 
F. McEwen. 545. 

Optics. fAberrations of telescope ob- 
jectives, methods for measurement of. 
A. H. Bennett. 291. 

Ornithology. tAlaska bird colonies. E. 
P. WaLKER. 520. 


Cc. S. 


F. L. 


work of the 
Service. 
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ornithology in North 
America. A. Wetmore. 145. 

tWaterfowl. H. C. Osernouser. 79. 

See also Zoology, Biology. 

Paleobotany. Alethopteris from Carboni- 
ferous of Peru. E. W. Berry. 584. 

Palm fruit from Miocene of western 
Panama. E. W. Berry. 455. 

Walnut, petrified, from Miocene of 
Nevada. E. W. Berry. 158. 

Weichselia from Lower Cretaceous of 
Texas. E. W. Berry. 1. 

Paleontology. Bear, new species of, from 
Pleistocene of Florida. J. W. Gip- 
LEY. 430. 

Caddis case of leaf pieces from Miocene 
of Washington. E. W. Berry. 
60. 

Cotylosaur from Upper Triassic of 
western Texas. E. C. Casz. 177. 
Gastropod from Miocene of Virginia, 

new. J. GARDNER. 556. 

Lingulidiscina, brachiopod genus. G. H. 
Grirty. 241. 

Mammals, characteristics of 
Pleistocene. O. P. Hay. 421. 

Mollusks, new Cretaceous, from Col- 
orado and Utah. J. B. Reese, Jr. 
306. 

Orbiculoidea, generic name and its 
application. G. H. Grrry. 128. 
Ornithology, prehistoric, in North 

America. A. WeTMoRE. 145. 

See also Paleobotany. 

Physical Chemistry. Aliphatic acids, di- 
ameter of CH; chain in. C.S8. Pia- 
Got. 330. 

Petroleum and the filtering earths. P. 
G. Nurtine. 409. 

Physical Geography. Blue-green algal 
marl in southern Florida in relation 
to coastal subsidence. A. P. Dacn- 
NOWSKI-SToKes and R. V. ALLISON. 
476. 

Physics. 


Prehistoric 


early 


tAtmosphere, upper, and me- 
teors, theory of. H. B. Maris. 76. 

tAtom as a source of energy, the. A. 
Haas. 319. 

tAtomic ions and electrons, recombina- 


F. L. Mouuer. 457. 
F. M. DeranporF. 


tion of. 
tCorona voltmeter. 
294. 
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Physics (Continued) 

{Dispersion and quantum theory. R. 
M. Lancer. 458. 

tElectric current, distribution of, in 
systems of linear conductors. F. 
WENNER. 78. 

tElectrical units, resistance, electromo- 
tive force, current, inductance, 
capacitance. H. L. Curtis. 504. 

tElectrons, reflection and diffraction of, 
by a crystal of nickel. C. J. Davis- 
son. 458. 

‘Fourier,’ the unit of thermal resist- 
ance. D. R. Harper. 3p. 469. 

tGaseous explosive reaction at constant 
pressure. F, W. Stevens. 293. 

Granular solids, deformation of. P. G. 
Nortine. 123. 

tHigh-low inversion of quartz, influence 
of pressure on. R.E.Grsson. 294. 

tHigh speed steel, theory of. C. Brnz- 
Dicks. 256. 

tLength, units and standards of. 
Jupson. 503. 

tMeteors, theory of upper atmosphere 
and. H. B. Maris. 76. 

tQuantum theory, dispersion and. R. 
M. Lancer. 458. 

tRadio transmission. 
WORTH. 287. 

Serpentine, association of water with. 
P. G. Nurtine. 81. 

Surface tension, new equation for de- 
termination of, from form of sessile 
drop or bubble. N.E.Dorsny. 505. 

Thermodynamic characteristics for all 
bodies. A. Press. 297. 

{Time, units and standards of. P. Sot- 
LENBERGER. 503. 

Units and standards, colloquium on: 
Length, L. V. Jupson, 503; Mass, A. 
T. Piznxowsky, 503; Time, P. Sot- 
LENBERGER, 503; Electrical units, Re- 
sistance, Electromotive force. Cur- 
rent, inductance, Capacitance, H. 
L. Curtis, 504. 

tWave mechanics. P. R. Heyu. 75. 

{Wind pressures on cylinders. H. L. 
Drypen and G. C. Hin. 293. 

Plant Ecology. Soil reaction, northward 
extensions of southern orchids, in 
relation to. E. T. Wuerry. 212. 


L. V. 


G. C. Sours- 
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Psychology. tMechanics of the brain. I, 
P. Paviov. 483. 

Radiogeology. Lead isotopes and geologic 
time. C.8.Piacor. 269. 

Radium content of Stone Mountain 
granite. C.8S. Piagor. 313. 

Radiotelegraphy. {Radio transmission. 
G. C. Sournwortx. 287. 

Scientific Notes and News. 24, 50, 80, 143, 
232, 268, 295, 324, 356, 388, 436, 460, 
524, 563. 

Seismology. {Seismometer employing 
electromagnetic and optical magni- 
fication and electromagnetic damping. 
F. WENNER. 292. 

International Geodetic and Geophysi- 
cal Union, report on Section of Seis- 
mology at Prague meeting of. N. 
H. Heck. 104. 

Sociology. tElection methods, appraisal 
ef. G. H. Hauuert, Jr. 481. 

Spectroscopy. tAtomic ions and electrons, 
recombinationof. F.L.Mouuzr. 457. 

Multiplets in the Co II spectrum. W. 
F. Meacers. 325. 

Technology. tAircraft flights for inter- 
national records, instrument tech- 
nique in. W. G. Brompacuer. 291. 

Terrestrial Magnetism. tEarth resistiv- 
ity measurements and their béaring 
on location of concealed geological 
discontinuities. W.J.Roonry. 227. 

tInternational Geodetic and Geophysi- 
cal Union, report on Section of 
Terrestrial Magnetism at Prague 
meeting. N. H. Heck. 104. 

flonization of the upper atmosphere. 
E. O. Hutsurt. 227, 

Volcanology. tAcid gases contributed to 
the sea during volcanic activity. E. 
G. Zres. 511. 

tAmerican Geophysical Union, papers 
(on voleanology) at 1928 meeting. 509. 

+Present volcanic activity over the 
earth. H.S. Wasuineton. 509. 

tPublications of the ‘year, voleanolog- 
ical. A. L. Day. 510. 

{United States Geological Survey, vol- 
cano research of. T. A. Jaaamr. 512. 

TYellowstone Park, classification of hot 
areas in, and their development. E. 
T. Auten. 511. 
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Zoology. Ascarophis, screw nemas, para- 
sites of fish. N.A. Coss. 96. 


{Beaver, live, from Michigan. VY. Bar- 
LEY. 517. 

{Beaver, ways of. N. B. McCuintock. 
§21. 


TBig game of Alaska and Idaho. J. M. 
Houzwortu. 143. 


Francolin from Abyssinia, new H. 
FRIEDMANN. 408. 

+Fur seal of Pacific coast, life and habits 
of. H. O’Matiey. 518. 

tHalibut Commission, International. 
L. Rapcurrre. 517. 

tInternational Congress of Zoology at 
Budapest, report on. L. O. Howarp. 
106. 

Litobionts, simple organisms. N. A. 
Coss. 37. 

Moliusks, new marine, from Ecuador. 
P. Bartscu. 66. 

tMuskrat farming. F. G. AsHBRooK. 
520. 

tMussels, 


freshwater, of Mississippi 








River, life history and conservation 
of. T. K. CuamBeruain. 517. 

Nemas, fossorium of. N.A.Coss. 249. 

Nemas, screw, Ascarophis, parasites of 
fish. N. A. Coss. 96. 

Nemic spermatogenesis. N. A. Coss. 
37. 

tNomenclature, Commission on Zoolog- 
ical, request for opinion of American 
zoologists on objection of Dr. Poche 
to decisions of. C.W. Stites. 384. 

tNomenclature, amendments to Inter- 
national Rules of zoological, adopted 
at Budapest meeting. C. W. Srizzs. 
106. 

{Predatory animals and methods for 
control. 8S. P. Youna. 519. 

{Salmon of Pacific coast, life and habits. 
H. O’Mattey. 518. 

{Salvador, faunal associations of. A. J. 
VAN RossEem. 107. 


Syringolaimus, nemic genus. N. A. Coss. 


249. 


Ungella secita, nemic parasite of earth- 


worm. N. A. Coss. 197. 
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ACADEMY OF SCIENCES 


THE WasHINGTON ACADEMY OF SCIENCES was organized in 1898 
through the joint action of the Joint Commission and the component 
societies. It was incorporated February 18, 1898. Its objects are to 
(a) acquire, hold, and convey real estate; (b) hold meetings; (c) publish 
and distribute documents; (d) conduct lectures; (e) conduct, endow 
or assist research; (f) acquire and maintain a library; and (g) transact 
any business pertinent to an academy of sciences. It acts as the 
federal head of the affiliated societies. There is a vice-president from 
each affiliated society, nominated by the society and elected by the 
ACADEMY. 

On January 1, 1927, the membership consisted of 15 honorary mem- 
bers, 3 patrons, and 577 members, one of whom was a life member. 
The total membershipywas 595, of whom 377 reside in or near the 
District of Columbia, 186 in other parts of the continental United 
States, and 32 in foreign countries. 

A list of the publications of the Acaprmy follows on the next page. 

Meetings are held as determined by the Board of Managers. The 
usual date is the third Thursday of each month, from October to May. 
The annual dues are $5. There is no entrance fee. Elections are 
annual, and are held by mail ballot in January. The annual meeting 
is held on the second Tuesday in January. 


OFFICERS OF THE WASHINGTON ACADEMY OF SCIENCES FOR 1928 


Preeti: 6.3. + icsitagdés ingen vaak « cweaibins Rosert B. SosMan 
Vice-Presidents representing the affiliated societies: 











Anthropological Foresters. . ..Paunt G. RepiIneTon 
CuarLes L.G. ANDERSON Geographic........ F. V. CoviLLe 
Archaeological...WaLTER HovucH Geological....... CHARLES Butts 

Bacteriological.CHarLes F, Craia Helminthological 
Biological... ..... EK. A. GoLDMAN BENJAMIN SCHWARTZ 
Botanical. ......... M.B. Waite = Historical.......AtLEN C, Clark 
Chemical.......... G. W. Morey Mech. Engr.. .H. L. WHirteMore 
Elec. Engineers. .C. A. Roprnson Medical....... Oscar B. Hunter 
Engineers.........C. B. Hawtey Military Engrs.Carny H. Brown 
Entomological. ..... A. G. Bovine Philosophical......... P. R. Heyt 
Non-resident Vice-Presidents. ........626.0seseeeees B. W. EvERMANN 
J. G. Lipman 


Corresponding Secretary........... 
Recording Secretary............... 
Treasurer...... Pai Whe cui neat Valais 


ee 





Managers 


Class of 1929 Class of 1930 Class of 1931 


A. H. Cuarx R. 8. BassLeR Ws. Bowiz 
L. A. Rocrers F. B. SrnsBeEe F. E. Wricut 
(The above 30 officers constitute the Board of Managers) 


Board of Editors. ..AGNes Cuasz, J. B. Reesipe, Jr., E. W. Wooiarp 


Committees 


Executive Meetings Membership 
Committee Committee Committee 


RoBert B. SosMAN E. W. WasHBURN L. H. Apams 

R. L. Faris L. A. Rogers VERNON BAILEY 

L. B. TuckERMAN 8S. A. Ronwer R, 8. Basster 

F. V. Coviiue Davip WHITE _ LL. J. Brieegs 

P. R. Hert R. F. Griees 
N. M. Jupp 


PUBLICATIONS OF THE 
WASHINGTON ACADEMY OF SCIENCES 


Proceedings 


The Proceedings of the Academy was a serial publication which 
began in 1899 and extended through 13 volumes, terminating in 1911. 
The subjects treated pertain to Geology, Astronomy, Physics, Chem- 


istry, Paleontology, Botany, Anthropology, History, Ichthyology, 
Entomology, Mammalogy, Ornithology, General Biology, and other 
sciences, mainly in a technical way. 

Surplus sets of Proceedings are being distributed gratis to libraries 
and other institutions of recognized standing and are sold at a nominal 
charge to individuals. Application should be made to the Corre- 
sponding Secretary. 


Journal 
(Semi-monthly, except in July, August and September, when monthly.) 
Vol. 1 (1911, July-December) 
Vol. 2 (1912) to Vol. 17 (1927), each 
Single numbers of the Journal: semi-monthly numbers, $0.25; 
monthly numbers, $0.50. Send orders to the Treasurer, R. L. Faris, 
Coast and Geodetic Survey. 
Note: The 1927 “Red Book’’ was corrected to November 15, 1927. For this 


reason the Board of Managers decided not to issue a ‘‘White Book’ in 1928, 
The above list of officers for 1928 may be inserted in the 1927 Red Book. 





